The neuronal growth cone is a motile, expanded region at the tip of the growing axon or dendrite that is responsible for guiding neurites to their correct targets (Ramon y Cajal, 1890) . This structure has received great attention in studies attempting to understand the mechanisms by which growing neuronal processes locate and recognize the appropriate sites with which they are to form synapses (Lockerbie, 1987) . Once the correct target has been reached, the growth cone plays a central role in synaptogenesis, transforming into either the pre-or post-synaptic element (Rees, 1978) . In this respect, neuronal growth cones are important structures in which to study the development of the mechanisms involved in neurotransmission.
It is now clear that in culture, neurotransmitters are present in growing neurites and that the growth cones of these neurites are able to release their neurotransmitters both spontaneously and in response to electrical stimulation (Hume et al., 1983; Young & Poo, 1983) . In this laboratory, we have shown that growth cones isolated from developing rat forebrain are able to take up exogenous y-['Hlaminobutyric acid (['HIGABA) by a transport mechanism that appears to be identical to that found at mature, GABAergic synapses. Furthermore, growth cones can release this accumulated neurotransmitter in response to high K + stimulation. However, unlike the high K+ stimulated release of ['HIGABA from synaptosomes, the release from growth cones is largely independent of extracellular Ca2 -Weeks et al., 1984; Lockerbie et al., 1985; Taylor & Gordon-Weeks, 1987) . Therefore, although isolated growth cones display some means of ['HIGABA release, the Ca2+-dependent mechanism found in synaptosomes seems not to appear until some later point in development. This is in contrast to the electrically evoked release of acetylcholine from the growth cones of Xenopus spinal neurones in culture, where release was shown to resemble exactly that found at the mature neuromuscular junction, including its dependence on extracellular Ca2+ (Sun & Poo, 1987) .
Recently, we have studied the Ca'+ dependency of [ jH]GABA release in subcellular fractions isolated from neonatal rat forebrain between 1 and 11 postnatal days. These fractions contain large numbers of neuronal growth cones when isolated from 5-day-old rats (Gordon-Weeks & Lockerbie, 1084), but fractions isolated from older animals contain structures intermediate between growth cones and synaptosomes. We found that K+-evoked ["H]GABA release from subcellular fractions isolated from animals 5 days old or younger was completely independent of extracellular Ca'+, but that after this age a developmental increase in the Ca? + dependency of the release was seen (Taylor & GordonWeeks, 1987) . We have now attempted to correlate the appearance of a Ca'+-dependent ["H]GABA release with developmental changes in the composition of the subcellular fractions. In addition, we have recently begun to investigate the mechanisms by which growth cones isolated from younger animals (and in which [3H]GABA release is Ca" independent) release [3H]GABA in response to high K + . One possibility is that high K' stimulates [jH]GABA release from these fractions by a mechanism involving reversal of the plasma membrane GABA transporter (Kanner & Radian, Abbreviation used: GABA, y-aminobutyric acid. 1985) . We are testing this possibility by examining the effects of inhibitors of GABA transport on ['HJGABA release.
Preparation of subcellular fractions
Subcellular fractions were prepared from neonatal rat forebrain (Wistar rats, either sex, age 1-1 1 days postnatal) by the method of Gordon-Weeks & Lockerbie (1984) , except that the forebrains were homogenized with five up-and-down strokes at 250 rev./min, the final flotation gradient was omitted, and the first Ficoll centrifugation was increased to 45 000 g for 20 min. Synaptosome fractions were prepared from adult rat forebrain (Wistar rats, female, weight 250-400 g) using a modification (Gordon-Weeks, 1987a) of the method of Autilio et al. (1968) .
/"H]GABA release from su bcellular fractions
Subcellular fractions were preloaded with ["IGABA and superfused as described previously for growth cones (Gordon-Weeks et al., 1984) . ["H]GABA release was evoked by applying a 6 min stimulus of high (25 mM) K+ medium.
In experiments designed to test the Ca2+ dependency of the ['HIGABA release, superfusions were carried out in Ca2 + -free media containing the inorganic Ca2 + channel blockers; Co2+ (2 mM) or Mg2+ (10 mM). This had no effect on K+ -evoked ['HIGABA release from subcellular fractions isolated from the forebrains of rats 5 days old or younger (Table 1) . After this age, a developmental increase in the magnitude of the release evoked from these fractions by high K + was seen. This increased release was abolished by removal of Ca2+ and addition of Co2 + to the superfusion medium, and was therefore Ca?+ dependent. A much larger proportion of the total ('HIGABA stores in synaptosomes was released in a Ca2 + -dependent manner in response to high K+ stimulation (Table 1 ) .
Electron m icroscopy
Subcellular fractions were prepared for electron microscopy essentially as described for synaptosomes (GordonWeeks et al., 198 1 ) except that the sodium cacodylate buffer was 0.12 M (Gordon-Weeks, 1 9 8 7~) .
Neuronal growth cones The developmental increase in the number of synapticvesicle-containing profiles in subcellular fractions isolated from neonatal rat forebrain, correlated with the appearance of, and developmental increase in, the degree of Ca2+-dependent, K+-evoked [3H]GABA release (Fig. 1 ). It appears from these results that GABA release from growth cones is initially independent of extracellular Ca2+, but that at a later point in development, once synaptic vesicles have appeared in the growth cone, depolarization of the growth cone results in the release of GABA by a Ca2+-dependent mechanism. However, a much larger proportion of the total [jH]GABA stores in synaptosome fractions is released in a Ca? +-dependent manner in response to high K+ stimulation ( Table 1) . It is worth noting that even in subcellular fractions isolated from 10-and 1 1 -day-old rats, those profiles containing synaptic vesicles contained fewer synaptic vesicles than synaptosomes isolated from adult rat forebrain. Ca'+-dependent release was determined as the difference between the percentage of ['HIGABA stores released in Ca"-containing Krebs' solution and that in Ca? +-free Krebs' solution containing 10 mM-Mg* +, and is expressed as the mean of at least five observations obtained in three separate experiments. The mean percentage of synaptic vesicle (S.V.)-containing particles was determined from six electron micrographs from each of two preparations at each age studied (see Table 1 ).
Involvement of the plasma membrane G A B A transporter in I'HIGABA release
A possible mechanism for [jH]GABA release in response to high K+ stimulation in the absence of extracellular Ca2+ is reversal of the plasma membrane GABA transporter (Kanner & Radian, 1985) . We have investigated this possibility by testing the effects of inhibitors of GABA transport on ['HIGABA release from growth cone fractions isolated from the forebrains of 3-day-old rats and synaptosome fractions isolated from adult rat forebrain. Nipecotic acid, a wellknown inhibitor of GABA transport into nerve terminals, potently inhibits GABA transport into isolated neuronal growth cones (Lockerbie et al., 1985) . Nipecotic acid is transported into nerve terminals via the GABA transport system and is able to stimulate the release of previously accumulated ["H]GABA by a countertransport mechanism which uses the same GABA carrier (Johnston et al., 1976) . This compound (10 p~) directly stimulated the release of preloaded ['HIGABA from growth cones, presumably by a carrier-mediated mechanism.
SK&F 89976-A, a novel inhibitor of GABA transport and an analogue of nipecotic acid (Yunger et al., 1984) , is reported not to be a substrate for the GABA transport mechanism in synaptosomes (Bonnano & Raiteri, 1986) . In agreement with this observation, we found that this compound does not directly stimulate carrier-mediated release of preloaded [jHH] GABA from growth cones and is thus a useful compound with which to study the involvement of the GABA transporter in K
The effect of SK&F89976-A on uptake of ["H]GABA into subcellular fractions isolated from neonatal rat forebrain and synaptosomes isolated from adult rat forebrain was determined. Subcellular fractions (80-1 00 pg of protein) were incubated for 12.5 min in the presence of ["IGABA ( 3 1 nM) and varying concentrations of SK&F 89976-A. Uptake was terminated by the addition of 10 ml of ice-cold Krebs' solution followed by rapid vacuum filtration, and filters were analysed for tritium content by liquid scintillation counting. Background accumulation, determined at 0-4"C, was less than 5% of control values. In experiments designed to test the effect of SK&F89976-A on K+-evoked ['HIGABA release, the compound was present throughout the superfusion.
We have found that while SK&F 89976-A appears to be acting on the same GABA transport system in growth cones and synaptosomes to inhibit uptake of ['HIGABA (1C5" for inhibition of [3H]GABA uptake into growth cones and synaptosomes was 1.3 x M and 1.7 x 10-' M, respectively), the drug is several orders of magnitude more effective in blocking K+-stimulated ['HH]GABA release from growth cones than from synaptosomes (Fig. 2) . SK&F 89976-A was found to block K + -stimulated ['HIGABA release from growth cones at similar concentrations to those required to inhibit uptake (micromolar range). In contrast, much higher concentrations were required to inhibit the release from synaptosomes, suggesting that the effect on release from synaptosomes may not be specific. We are currently examining this possibility by testing the effects of the R and S enantiomers of SK&F89976-A on ['HIGABA release from growth cones and synaptosomes, as inhibition of GABA uptake into synaptosomes is reported to be stereoselective (Ali et al., 1985) . Thus reversal of GABA transport appears to be an important mechanism in K+-stimulated ['HIGABA release from growth cones in which a Caz+-dependent release mechanism has not yet developed, but does not appear to be an important mechanism in the K + -evoked release from synaptosomes, which is largely Ca2 ent of extracellular Ca2+ and supported largely by a mechanism involving reversal of the plasma membrane GABA transport system. As the growth cones become more mature, synaptic vesicles appear which correlates with the appearance of a Ca2 + -dependent release mechanism for ['HIGABA.
